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(54) ELECTRODE ARRAY CATHETER 

(57) An electrode array catheter, typically used tor 
mapping, pacing and ablation, includes an electrode 
assembly % 82 which may be sdidabiy mounted within a 
delivery sheath for movement between retracted and 
deployed positions. The electrode assembly includes an 
ablation electrode 10, 90 and a plurality of mapping 
electrodes 26 t 114 which are grouped in pairs and nat- 
urally assume a ihree-dirhensional array when 
deployed The electrodes ere distributed to contact a 
portion of the chamber wail 130 surrounding the target 
srte The electrode assembly lip has a coHed conical 
shape 24 in one embodiment and has a number of axi* 
ally extending, radially outwardly curved arms 118 in 
another embcdiment- A fiattSexibie circuit 110, having 
axially extending electrode traces 112 connecting prox- 
imal terminals 1 08 to distal electrode pads 114, is slit 
1 16 axially and is performed and to create the curved 
arms. 
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Description 

The present invention relates generally to steerable 
catheters, and rore specfficaf^ to 
Steele elearc^hysiotagy catheters tor use in map* 
ping and ablation of the heart, 

The heart includes a number of pathways which are 
responsible for the propagation oi signals necessary for 
normal electrical and mechanical function The present 
Invention is concerned with treatment erf tachycardia, 
abnormally rapid rhythms of the heart caused by the 
presence of an aithythmbgenic site or accessory path- 
way which bypasses or short circuits the normal path- 
ways in the heart. Tachycardias may be defined as 
ventricular tachycardias {VTs} and supraventricular 
tachycardias {SVTs). VTs originate in tie left or right 
ventricle and are typically caused by arrhythmogenic 
srtes associated with a prior myw^ialin^rctiori SVTs 
originate in the atria and are typically caused by an 
accessory pathway 

Treatment of both ventricular and supraventricular 
tachycardias may be accomplished by a variety of 
approaches, including drugs, surgery, implantable 
pacemakers/ defibrillators, and catheter ablation. While 
drugs may be the treatment of choice tor many patients, 
drogs typically only m 

the underlying cause, implantable devices, on the other 
hand, usually can correct an arrhythmia only after it 
occurs. Surgical and catheter-based treatments, in con- 
trast, will actually cure the problem usually by ablating 
the abnormal arrhythrnogenic tissue or accessory path- 
way responsible tor the tachycardia. The catheter- 
based treatments rely on the application of various 
destructive energy sources to the target tissue, include 
log direct current electrical energy; radiofrequency eJec- 
trical energy, laser energy, and the like. 

Of particular interest tc *he present inventtoh, are 
radipfrequency (BF) abfersn protocols which have 
proven to be highly effects,'- in tachycardia treatment 
while exposing the patient id minimum side effects and 
risks, Radicrfrequency catheter ablation is generally per- 
formed after an initial mapping procedure where the 
locations of the arrhythmogenic sites and accessory 
pathways are determined. After mapping, a catheter 
having a suitable electrode is introduced to the appro^ 
priate heart chamber and manipulated so that the elec- 
trode lies proximate the target tissue Radtofrequency 
energy is then applied through the eieetroda to the car- 
diac tissue to ablate a region of the Ussue which forms 
part of the arrhythmogenic ate or the accessory path- 
way By successfully destroying that tissue, the abnor- 
mal signaling patterns responsible for the taChy<^rdia 
cannot be sustained. Metr^ 

ing RF ablation by controlling temperature at the abla- 
tion site are described in WO^/20770 entitled "Method 
and Systemfor Radiof requency Ablation of Cardiac Tis- 
sue *\ 

Catheters designed tor mapping and ablation fre- 



quently include a nunteer of M bands 
mounted to the distal tip of the catheter so as to tacilitate 
mapping of a wider area in less time, or to improve 
access to target sites for ablation. 

$ As described in that applicator, it is frequency desira- 
ble to defleel the distal tip of the catheter into a non-lin- 
ear colouration such as a semicircle, which facilitates 
access to substantially alt of the heart wails to be 
mapped or abtated. Such deflection may be accorn* 

10 pltshed through the use of pull wires secured to the dis- 
tal tip which can be tens ioned from the proximal end of 
the catheter to deflect the tip in the desired configura- 
tion. In add-on, mapping and ablation catheters may 
facilitate rotational poshiorting of the distal tip, e g by 

is rotating the entire catheter from the proximal aid. or by 
exerting torque on a core wire secured to the distal tip 
without rotating the catheter body itself. 

Catheters utilized in radiofrequency ablation are 
inserted into a major vein or artery usuaBy in the neck 

20 or groin area, and guided into the chambers of the heart 
by appropriate manipulation through me vein or artery. 
Such catheters must facilitate manipulation of the distal 
tip so that the di stal electrode can be positioned against 
the tissue region to be ablated. Th& catheter must have 

25 a great deal of flexibility to follow the pathway of the 
major blood vessels into the heart, and the catheter 
must permit user manipulation of the tip even when the 
catheter is in a curved and twisted configuration. 
Because of the high degree of precision required for 

w proper positioning of the tip electrode, the catheter must 
allow manipulation with a high degree of sensitivity and 
corttrollabiJity In addition, the distal portion of the cathe- 
ter must be sufficiently resilient in order to be portioned 
against the wall of the heart and maintained in a posi- 

35 tion during ablation without being displaced by the 
mcveroer* of the beating heart Along with steerability. 
f iexMrty and resiliency, the catheter must have a surfi- 
dent degree of torsional stiffness to permit user manip- 
ulation from the proximal end 

40 Orteottheprablerra^^ 

to quickly mapping a large surface area of the heart 
Finding the target site using conventional catheters with 
linear electrode orientations is a tedious activity requir- 
ing multiple catheter placements. Balloon i o r basket type 

45 mapping catheters, providing three dimensional arrays 
of endocardial mapping electrodes, have been devel- 
oped. However, these arrangements are typically 
designed to engage virtually the entire chamber wall, as 
opposed to a part or region of the chamber wall. Such 

so full-chamber type mapping catheters lack the abilrry to 
direct an ablation electrode to a target site, so they are 
used for mapping only Also, by virtue of their design, 
which is intended to cover virtually the entire chamber 
wall, these full-chamber type mapping catheters will 

ss necessarily lack the ability to concentrate the mapping 
electrodes at the region of the target site. Thus, while 
information may be abtains&ie from 
wall much of it may not be useful ^nce it not near the 
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target site. Also, because these devices fill an entre 
Heart chamber, they may partially occlude blood flow or 
cause coagulation of blood, that is, create blqod clots 

US 5,181,511 discloses an apparatus tor antitachy- 
cardia pacing using a virtual electrode Thw s 
electrodes are connected to the source otar^mchycar- 
dia pacing therapy based on the relative distanced 
determined and in such a manner as to create a virtual 
electrode at the locus site upon delivery of the therapy 
to the heart. Different electrode assembly corrfigura- io 
tions disclosed. 

W0S3/1579O discloses a 6>iplanardefle<^t3ie cath- 
eter tor arrhythmogenic tissue ablation. The distal cath- 
eter tip can he moved in any direction in a manner such 
that the distal tip is capable of accessing any point on is 
the wall of the chamber entered. 

EP 0 470 435 discloses a multiple electrode deploy- 
able lead The lead sltat end defines a plurality of sepa- 
rate, curvilinear electrodes which naturally extend 
laterally outwardly in a curved arrangement from the 20 
remainder of the lead. 

According to one aspect of the invention, there is 
provided a steerabJe electrode array catheter, for inser- 
tion into a heart chamber for placement of multipie elec- 
trodes against the heart chamber wall in the vicing of a 2$ 
ferget site, comprising: 

an electrode assembly induding a distal end having 
plurality of electrodes which naturally assume an 
array when said distal end is um^nstratned, said 30 
electrodes being distributed on said distal end is 
unconstrained, said electrodes being distributed on 
said distal end so as to be able to contact a limited 
portion of the chamber wall surrounding the target 
site; characterized by 3? 
means for steering the distal end of the electrode 
assembly within the heart chamber to the target 
site- 
According to another aspect of the invention, there *o 
is provided an electrode array catheter, for insertion into 
a heart chamber for placement of multiple eiectrodes 
against tie heart chamber wall in the vicinity of a target 
site, comprising; 

45 

an electrode assembly including: 
a distal end having plurality of resilient, bigWy f lexh 
We arms, said arms being radially outwardly curved 
arms when the distal end is unconstrained; charac- 
terizedby so 
a plurality of electrodes distrfouied on said arms so 
that the electrodes naturally assume a three-dimen- 
sional array when said distal end is unconstrained, 
said electrodes being distributed to be able to con- 
tact a limited portion of the chamber wall surround" ss 
ing the target site, 

Bectade array catheters according to the present 



invention are useful for a varied of eietfrophysioloov 
procedures, including mapping, pacing and ablation 
therapy The catheter include a flexible delivery sheath 
having an hofiow interior arid proximal and distal ends. 
The invention addresses and solves the problem of 
mapping a portion of the chamber wall of the heart in 
the Vicinity of a target site in a relatively short time span. 

Preferably, an electrode assembly is slidaby 
rrounted within the hollow interior of a delivery sheath 
for movement between retracted and deployed posi- 
tions. The electrode asserrSsly tnciudes a plurality of 
electrodes which naturally assume a two or a three 
dimensional array when they are at the deployed posi- 
tion The electrodes are distributed to be able to contact 
and conform to the portion of the chamb^ wail at the 
target site when in the deployed position One or more 
of the electrodes, which may include a central electrode, 
are preferably higher power, ablation electrodes. The 
ablation electrodes may be physically larger than the 
other electrodes, typically electrode used for mapping 
or pacing, to accommodate higher energy flows. 

The electrode assembly assumes a coiled conical 
shape when in the deployed position in one preferred 
embodiment Electrodes are preferably at spaced apart 
positions along the edited, conicaliy shaped electrode 
body to create a series of ^ectrode pairs, in another 
embodiment the electrode assembly may include a 
number of axialty extending, radially outwardly curved 
arms. The mapping electrodes are also preferably posi- 
tioned as electrode pairs along fie curved arms. 

The curved arms of the pretened electrode assem- 
bly are preferably formed by a flat conductor cable hav- 
ing a plurality of axially extending electrode traces 
connecting proximal terrwals to distal, exposed elec- 
trode pads; the electrode pads act as the mapping elec- 
trodes. The flat conductor cable is preferably slit axially 
along at least part of its length and then formed into a 
tube-like member to create the curved arms. 

The mapping electrodes are not typically suitable 
tor ablation due to the size Hnrstations of the conductor 
wires and the size of me electrodes. However, the cur- 
rent carrying capacity of the wires, signal traces and 
el€N^rode pads could be increased, such as by increas- 
ing their size, a change of material, by cooling the vari- 
ous components, etc. Also, techniques may be 
developed which allow the delivery of energy sufficient 
to ablate tissue along what is now considered low 
energy wires, traces and electrodes. With the present 
irwemioh, ablation may be successful with lower 
powerysmaller lesions since the electrode array can be 
more accurately located near the target site; this accu- 
racy of placement may permit local "mapping/pacing* 
electrode pairs to foe used for RF energy delivery and 
ablation. 

One of the advantages of the invention is thai by 
producing an array of electrodes designed to engage 
only a portion of the chamber wall of the heart a rela- 
tively large, but rnuch 
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of the heart can be mapped precisely and in a relatively 
short time span . Since the physician generally knows 
the approximate area where the target site ts located on 
the chamber wall surface, mapping of the entire cham- 
ber wall is not generally needed. Therefore, a more s 
localized concentration of electrodes can be used with 
the present invention than would be typical of a charrv 
ber-tilling device. This helps the device made according 
to the present inverrttenbesifr^ 

Ing informertjon easier to process. Conventional chain- & 
ber-fifiing mapping probes also may not be suitable for 
ablation, only mapping. 

The pinpointing of a target site tor ablation can be 
speeded up dramatically without the muftipie catheter 
placements necessary with conventional linear elec- ts 
trodes. The invention ateo permits the application of a 
greater number of electrodes against the portion of the 
chamber wall being Investigated than is possible with 
conventional targe diameter linear electrode catheters. 

Another advantage of the invention over the prior so 
art is the ability of the electrodes to conform to the 
region of the chamber wall being mapped. Electrodes, 
which preferably are in closely spaced pairs, provide the 
user with specific information regarding the electrieaJ 
activity within the region regardless of the surface con- 25 
tour. 

Other features and advantages of the invention will 
appear from the following desertion, given by way of 
example only; in which the preferred embodiments nave 
been set forth «n detail in conjunction with the accoropa- $0 
nying drawings. 

Fig, 1 is a simplified perspective view of an elec- 
trode assembly of a first embodiment of the inven- 
tion having a coiled, conical tip; 35 
Fig 2 is an enlarged end view of the coiled, conical 
tip of Fig. 1; 

Figs 2A-2C illustrate elec^c<le assembly tio^ hav- 
ing an inverted conicat shape, a planar serpentine 
shape and a planar coil shape, respectively; *6 
Figs. 3A-3D are cros$»sectional views of the elec- 
trade assembly taken along tines 3A-3A through 
3r>3D M Fig. 1 re^ectiveSy; 
Fig 4 is an enlarged cross-seetionai view taken 
along line 4-4 of Fig. 2; 45 
Fig. 5 is a simplified side view of a steerabie deliv- 
ery catheter used with the electrode assembly of 
Fig. 1 to create a first embodiment of an electrode 
array catheter made according to the invention; 
Figs. 6 and 7 are cross-sectional views taken atong so 
lines 6-6 and 7-7 of Fig. 5, respectively; 
Fig. 8 is a simplified side view of an alternative 
embodiment of an electrode array catheter made 
according to tie invention; 

Fig. 8A is an end view of the electrode array of Fig ss 

8; 

Fig. 9 is an enlarged crc^-sectfonal view of a por- 
tion of the tip of the catteter of Fig. 8; 



Fig. TO is a cross-sectional view taken along line 
10-10 of Fig. 9; 

Figs 11 A and 11 B are simplified side views show- 
ing deployment of the electrode assembly of Fig. 8 
shown with electrode arms engaging a fiat surface 
in partially and fully engaged positions; 
Fig 12 is a plan view of a flat conductor cable for 
use with the electrode assembly of Fig, 9 with the 
proximal terminals wrtfi electrode traces shown in 
dashed lines for one of the electrode arms; 
Figs 13A-13D are cross-sectional views taken 
along tines 13 A^13A through T3D-i3D of Rg. 12; 
Fig 13E is a cross-sectional view taken along fine 
13E-13Eof Bg 1 3D; and 

Fig. 14 illustrates an alternative embodiment of the 
structure shown in Fig. 13C. 

The invention is dirked to an electrode array cath- 
eter such as shown in Figs, 1-7. An ejcernplary c?atheter 
constructed in accordance with the principles of the 
present invention includes an electrode assembly 2 
which will be described with reference to Figs. 1 -4 and & 
steerabte delivery catheter 4 Shown in Figs. 5-7. All 
dimensions given for each embodiment are exemplary 
only, and it will be appreciated that specif ic dimensions 
may be varied considerataiy while remaining within the 
scope of the present invention. 

Electrode assembly 2 includes an electrode cathe- 
ter body 6 extending from an electrical connector a at a 
proximal end to a tip electrode 10 at a distal end Body 
6 V as shown in Figs. 3A and 3B, inciudes a 0.46 mm 
( inch) diameter stainless steet support mandrel 1 2 
extending from connector 8 to a transition region 1 3 and 
a 0 31 mm (.015 inch) core 14 extending from core tran- 
sition region 13 to tip electrode 10. A 0.71 mm (.028 
inch) OD/0.$1 mm {.020 inch) iD stainless steel hypo- 
tube 16 surrounds support maridrej 12 and an initial 
portion of core 14. See Figs. 3A-3C Hypotube 16 
extends a relativ^y short distance past core transition 
region 13 and is crimped, as shown in Figs. 38 and 30, 
onto the abutting ends of support mandrel 12 and core 
14 at transition region 13. A number, sixteen in thepre- 
ferred ernbodintent of insulated conductor wires 18 are 
located about hypotube 16 within an outer Pebax® 
jacket 20 having a 1.12 mm (.044 inch) ID and a 1.32 
mm ( 052 inch) OP. Pebax® is the trademark fpr a poly- 
ether block ppiyamide copolymer made by Elf Atochem, 
Inc. of Philadelphia, PA Just past transition region 13. a 
smaller Pebax® jacket 22 having a 0 79 mm ( 031 inch) 
ID and a 0 94 mm (.037 inch) OD is used Core 14 is 
preferably made from a super elastic spring material, 
such as nickel-titanium alloys (NiTi). such as that avail- 
able from Furukawa Electric Company Ltd, of Tokyo. 
Japan. Niti is preferred for core 14 because it is very 
resilient and has a very good spring memory for its prior 
shape, even when highly flexed. Other highly deforma- 
We spring materials, such as spring steel or 
braidedfeoiled spring materials, might also be used. 
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In the embodiment of Figs. .1-4, the lip 24 of the 
catheter is made so that it assumes a coiled conical 
shape as shown in Rgs. T and 2 Electrode assembly 2. 
when inserted into .dWBvr^«aJI^--*^ have its tip 24 
in a straghtened orientation since it is, prior to deploy- s 
ment, housed within delivery catheter 4. Only after tip 
24 is moved to its d^loyed position external of delivery 
catheter 4 will the tip assume its coiled conical shape. 
Tip 24 can also foe made as an inverted coil tip 24a, a 
planer serpentine tip 24b or a flat coil tp 24c as illus- to 
traied in Figs. 2A-2G Tip 24 includes fifteen electrodes 
26 along its length. Fourteen of electrodes 26 are , 
spaced apart by about 0.5-2.0 mm, typically about 1 
mm, &> form 7 pairs of electrodes. Distal electrode 27 is 
paired with tip electrode 1 0. as shown in more detail in ts 
Fig 4 for mapping, Nffi core 14 is seen to be sur- 
rounded by a poly i nrttd & sleeve 28 having a 0.4 5 mm 
(.0179 inch) OB and a 0,40 mm (.0 159 inch) ID. Sleeve 
28 provides electrical inswiaSteh between core 14 and 
the electrodes 26/cc^uctor wires 18 Conductor wires so 
13 are electrically connected to electrodes 26 and tip 
electrode 10 in the rnanner indicated in Fig. 4. T(p elec- 
trode 10 and the conductor wire 18 connected to the tip 
electrode are sufficiently heavy duty to permit electrode 
1 0 to be used as an ablation electrode using RF eiectr t- 
cal energy. Tip electrode 10 can also be used for map- 
ping in conjunction wHh electrode 27 positioned 
adjacent the tip electrode 

It may be desired to use electrodes other than tip 
electrode 10 for ablation. This may be accommodated so 
by increasing fie axial length of selected electrodes 26 
from about 0.5 mm to 1,0 mm to about 1 to 10 mm. To 
maintain the desired flexibility of tip 24, the extended 
length ablation* capable electrodes 26 can be made, for 
example, as a spiral coil about sleeve 23 instead of a ss 
band as illustrated in Fig. 4. Afeo, ablation-capable eiec- 
trodes 26 could be made of braided material. 

Steerabie delivery catheter 4; see Figs, 5-7/ is 
designed for use with electrode assembly 2, Catheter 4 
has a hollow interior 30 extending along its entire length & 
from Luer lock fitting 32 at its proximal end to a tip ring 
34 at its distal end. Catheter 4 includes a catheter body 
36 having a Pebax® jacket 38 surrounding a braided 
layer 40. A TFE liner 42 is within braided layer 40 and 
provides a lubricous surface for the passage of elec- 4S 
trode assembly 2 within hoHow interior 30 formed within 
liner 42, Other lubririous materials, such as FER ETFE 
or PE, could be used instead of TFE for liner 42. 

Hollow interior 30 is formed eccentrically within TFE 
liner 42 to provide room for an axial bore 44 housing a $6 
TFE-coated manipulator wire 46. Manipulator wire 46 
has a ball 48 at its distal end which is too iarge to fit 
through a bore SO in tip ring 34. The proximal end, not 
shown, of manipuiator wire is connected to a tip deflec- 
tion control 52 mounted to a handle 54 ss 

The distal end of catheter body 36 includes a 
deflecting section 56 distal of a jacket transition line 58. 
Deflecting section 56 is less Stiff than the proximal end 



of catheter body to allow deflecting section 56 to be suf- 
ficiently flexible for the proper guidance by wire 46 white 
providing appropriate structural integrity for the remain- 
der of catheter body 36. Tip deflection control 52 is pref- 
erably an axially movable type so that pulling on control 
52 causes the distal end of catheter body 36 to deflect. 
Other types of controls could be used as welt. Also, 
more than one manipulator wire 46 could be used 

In use, electrode assembly 2 has its tip 24 pre- 
formed into the coiied, conical shape of Fig, 1 Electrode 
tip 24 is then inserted through Luer Jock fitting 32 and 
into hollow interior 30. Electrode assembly 2 is contin- 
ued to be directed through hollow interior 30 until tip 
electrode 10 is just proximal to deflecting section 56. 
Using appropriate surgical techniques, the catheter is 
guided into toe heart chamber under consideration. 
Near the target sfte to be investigated or treated, elec- 
trode assembly 2 is pushed axially and distaliy until tip 
24 extends past tip ring 34 and assumes a coiled, coni- 
cal shape. Tip 24 can ftien be placed against tie cham- 
ber wall at the target ©He under consideration, if desired, 
tip 24 may be manipulated todef leet laterally and torque 
the longitudinal axis of body 6 prior to being placed 
against the chamber wall, The flexibility and resilience 
of tip 24 is such that H will closely conform to the shape 
of the chamber wall at the target site, whether it be flat, 
convex concave, or a combination This conformance 
ensures a maximum number of electrodes 26 will actu- 
ally contact the chamber wall. 

A separate conductor could be used on steerabte 
delivery catheter 6 to deliver RF energy for ablation to 
an efeetrode mounted as the tip ring 34. It may be pos- 
sible to do this through the use of manipulator wire 46 
as both the manipulator wire and as an electrical con- 
ductor 

Figs, 840 illustrate a second embodiment of tie 
invention, Electrode array catheter 60 includes a steer- 
able electrode catheter 62 and a tubular delivery sheath 
64. Catheter 62 passes through and is sfidabty mounted 
within tubular delivery sheath Catheter 62 includes a 
handle ^ having an electrical connector 70 at a proxi- 
mal end, a twist- type, lateral deflection knob 72 and art 
axially moveable tqp deflection control 74. Tip deflection 
control 74 is connected to a manipulator wire 76 of elec- 
trode catheter 62; see Figs, 9 and 10. Lateral deflection 
knob 72 is connected to and is used to rotate a core wire 
78 of catheter 62. Handle 68 can be Of a conventional 
design. 

Delivery sheath 64 is preferably a three layer 
sheath having ajri o^ 

braided layer and a TFE liner. Delivery sheath 64 
changes its flexibility over its length and includes a prox- 
imal, stiffer portion Si and distaL softer and more f legi- 
ble portion 82 The outer surface ^ 
preferably has a Durometer reading of about 50 to 80, 
and more preferably about 70 while the distal portion 82 
preferably has a Durometer reading of about 30 to 50, 
arid more preferably about 35 
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Electrode catheter 62 includes an insulator body 
84, preferably made of PEEK (pdy-eth^-elher-ketone} ( 
housed within the distal end 86 of Pefoax® jackert 80. 
insulator body 84 has a threaded tip 88 to which a metal 
tip electrode 90 is mounted; other rrounting ssructures, 
such as a snap-fit f»g, could be used instead of 
threads. Body 64 also includes a central bore 92 
through which core wire 78 passes Threaded tip 88 ot 
body 84 has a shallow recess 94 within which the distal 
end 96 of core 78 is housed. Gore wire 78 is secured to 
insulator body 84, typically using an adhesive This pro- 
vides axial integrity between the ends of catheter 
assembly 60 Rotating core wire 78 causes transmis- 
sion of torque to, and causes the rotation of, electrode 
catheter 62 

Body 84 has an additional, radialfy offset bore 98 
through wliich rrianipulator wire 76 passes Manipulator 
wire 78 has an enlarged tip 100 which prevents man ip* 
ulator wire 78 from being pulled back through offset 
bore 98. Tnis permits the user to deflect the tip of deliv- 
ery sheath 64 when guiding catheter $0 into position 

Electrode catheter 82 includes a set of mapping 
electrode wires 102, & power electrode wire 104 and a 
pair of thermocouple wires 106 Power electrode wire 
1 04 and thermocouple wires 1 06 pass through bores, 
not shown, in insulator body 84 and are connected to tip 
electrode 90, Power electrode wire 104 t& sufficiently 
heavy duty to permit tip electrode 90 to be used for both 
ablation using RF electrical energy and for mapping. 

The distal ends of wires 1 02 are soldered (or other- 
wise secured to provide electrical oonductivrty) to proxi- 
mal terminals 108 formed on a flat fteftte circuit 110. 
Flat flexible circuit 110 rs shown in Fig. 12 in its flat con- 
figuration prior to being formed into the flared tubular 
Shape of Figs 8 and 9. VVrth reference to Figs. 12-1 3E, 
flat flexible circuit 110 is shown to include a number of 
electrical twes 112 ccnne^ ter- 
minaJs 108 to exposed electrode pads 114, Flexible cir- 
cur! 110 has five siits 116 extending along substantially 
the entire length of the circuit so to create six electrode 
elements 118 Electrode elements 11 8 form a number 
of axially extending, radially outwardly curved arms hav- 
ing electrode pads 114 disposed oh their inner surfaces 
so to contact a chamber wall during use. The electrode 
arms are preferably 1 mm wide, but could be from 0,1 
mm to 2 mm wide, depending on the number of elec- 
trodes and traces The electrode elements (arms) could 
be made as individual flex circuits rather than a slitted, 
single circuit. Electrode arms 118 with electrode pads 
114 and electrode 90 form a petaMike array 119 at the 
distal end of electrode catheter 62 Array 119 has a 
deployed diameter of about 25 mm; the deployed diam- 
eter preferably ranges from about 10 mm to about 100 
mm. 

Fig, ISA illustrates the exposure of proximal termi- 
nals 108 through layers of material which constitutes flat 
flexibtecircurtlla At Fig. 13B, fiat flexible circuit 110 is 
seen to delude a first polyimide layer 120, a polyimide 



adhesive layer 1 22 r^rtiaily suirounding teces 112 and 
a second polyimide layer 1 24 Fig. 1 3C-1 3E are various 
aoss-sectional views taken a* electrode pads 1 14. The 
distal ends 126 of electrical traces 112 are enlarged and 

5 are electrically coupled to electrode pads 114 by 
through-hole plating ?' a technique where a conductive 
copper layer 127 covers the walls of a hole 128 formed 
in first polyimide layer 120. A thin final plating of gold on 
electrode pads 1 14 enhances bk)C0Tr^3atibility, 

m Fig 14 illustrates an alternative embodiment of the 
structure shown in Fig 18G A polyimide sheet layer 
120a has single-layer copper electrical traces 11 3a 
applied to one surface Trace 11 2a is tfren covered by a 
potyimide adhesive layer 122a, layer 122a being cov- 

ts ©red by a second polyimide sheet layer 1 24a Openings 
in the cover layer of polyirride sheet 1 24a and adhesive 
layer 1 22a expose the enlarged end portions of traces 
1 12a which are selectwely plated with copper and then 
a thin layer of gold to form electrode pads 114a. Pads 

so 114a e^end above second sheet layer 1 24a and serve 
as the electrodes. Other fabricatfon techniques are 
available to those skilled in the art of flexible circuit fab- 
rtcatioa 

Figs. 11 A and 11B illustrate array 119 of electrode 

25 catheter 82 in simplified form with arms 118 pressed 
against a simulated heart chamber wall 130. While wall 
130 is shown as flat, it go Jd be, and typicallyis, curved 
in a variety of ways. Arms 1 18 are shown in Fig. 11A as 
orty slightly flexed from their normal, deployed Shape of 

so Fig, 8. The outermost and intermediate electrode pads 
132, 134 are, in the preferred Embodiment, spaced 
apart by about 2 5 mm ^ tris spacir^ could be changed, 
such as by being reduced to about 5 mm or enlarged to 
about 10 mm. in Fig. HA pads 132, 134 engage Cham- 

as ber wall 130. Further force on electrode catheter 62, 
typically through core wire 78, causes arms 118 to fur- 
ther deflect so that innermost electrode pads 136 also 
contact surface 1 30 in Fig, 1 1 B in addition, tip ©tectrode 
90 is also in contact wim charr^er wall 130 in Fig TIB. 

to Electrode pads 132, 134 are typically paired 
together while innermost elect* ode pads 1 36 are each 
paired with tip electrode 90 for mapping purposes Tip 
electrode 90 can also be used for ablation when eiec- 
trcde catheter 62 is confirmed to be property positioned 

45 at the target site. Much of the preliminary information as 
to the proper position of electrode catheter 62 can be 
obtained while the electrode catheter is in the partially 
engaged position of Fig. 11A> In serine situations the 
necessary information for mapping and determining 

53 tfcat electrode catheter 62 is properly positioned at the 
target site may require the electrode catheter to be fully 
engaged with chamber wail 30 as its shown In Fig. 1 1 B: 
In either case sufficient Jntorrration is quickiy obtained 
to permri electrode catheter 62 to be moved, if neces- 

55 sary, to coincide with the target site. 

In use, electrode catheler 62 is hc^^ 
ery sheath 66 wfth outermost electrode pads 132 adja- 
cent the distal end of sheath 66. Using lateral deflection 
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knob 72 and tip defection cc*itrol 74, tie distal end of 
electrode array catheter 60 is posit wed within the heart 
chamber and near the target site. Electrode catheter 62 
is then moved axially wrthin delivery sheath 66 to the 
deployed position of Figs. S and 9 This may occur by 
sheath 66 being retracted back over catheter 62 or by 
electrode catheter 62 being pushed out through sheath 
66, Array 119 can be deflected laterally using manipula- 
tor wire 76 or torquad {rotated} using core wire 78 Arms 
1 18 of array 1 1 9 are then directed against chamber wall 
130 at what is hoped to be the target site so that map* 
ping can occur, Once it has been determined that tip . 
electrode SO is prope^y over the target site to be 
ablated, electrode catheter 62 can be forced against 
chamber wall 130 such as shown in Fig. 11B and tie 
target site ahtated by supplying , typically, RF electrical 
energy to tip electrode 90 through power wire 104. in m 
aHernative embodiment, the distal end of electrode 
array catheter 60 can be deflected laterally or torqued 
(rotated) by steering tie tip off the delivery sheath, which 
would incorporate manipulator wire 76 and core wire 78 
and a handle with appropriate control 

Modification and variation can be made to the dis- 
closed embodiments without depailir^^ 
of the invention as defined in the following claims. For 
exampSe. reference has been made to pairs of elec- 
trodes tor mapping purposes. Electrodes could, off 
course, be paired in other manners to provide different 
intoiroation. For example, instead of pairing innermost 
electrode pad 136 with tip electrode 90. the innermost 
electrode pad 136 on one arm 1 18 could be paired with 
the corresponding innermost electrode pad on an adja- 
cent arm. Electrode assembly 2 could include a large 
electrode at the center of tip 24 aligned with body 6 to 
permit greater force to be exerted against such 
enlarged eleclrode when used for ablation Flexible cir- 
cuit 110 could be made by other techniques, such as 
lamination processes or direct wiring d electrode bands 
attached to radially disposed arms. Each arm I IS could 
be made as a separate flexible circuit instead o? being 
teamed by slitting a cc^to 12, 
The number of electrodes for use with the electrode 
assemblies could vary greatly, from only 4 to 1,000. 
Electrodes 26 could be paired differently from the 
closely-spaced btpoles - illustrated, such as radially ori- 
ented bipoies. Electrode arms 1 18 could vary in number 
from 3 to at least 8. In both errtbodiments a delivery 
sheath is used to constrain the array off electrodes of the 
tip prior to deployment at the target site; if the tip can be 
kept constrained without the need for a delivery sheath, 
such sheath can be eliminated. Instead of super-elastic 
NiTi. core 14 could be made of heat-shape memory 
fsi'Ti. This alloy, also available from Furukawa Bectfic 
Go Ud.canbe used tor core 14 sothattip 24 isflextbie 
but straight below a transition temperature arwS is flexi- 
ble and curved such as illustrated in Figs, i and2A-2G. 
above the transition temperature. The transition temper- 
ature would be chosen so that after tip 24 is at or near 



the target site, core 14 could be heated (such as electri- 
cally or with a warm saline solution) so tip 24 assumes 
its predetermined curved shape Similar heat-shape 
memory material could be used for electrode eie- 
5 mentsterms 118 as well. 

The present invention is divided from EP-A- 
0728029. 
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Claims 

1 . A steer^e electrode array catheter, tor insertion 
into a heart chamber for placement of multipl e elec- 
trodes against the heart chamber wali in the vicinity 
of a target site, comprising: 

an etecirode assembly (2) including a distal 
end having plurality of electrodes (24) which 
naturally assume an array when said distal end 
is unconstrained, said electrodes being distrib- 
uted on said distal end is unconstrained, said 
electrodes being distributed on said distal end 
so as to be able to contact a limrted portion of 
the charnber waU surrounding the target site; 
characterized by 

means for steering the distal end of the elec- 
trode assembly (2) within the heart chamber to 
the target site. 



2. The catheter of claim 1 wherein said array is a 
so three-dimensional array 

3. The catheter of claim 1 wherein said array is a two- 
dimensional array 

ss 4, The catheter of any of clairre 1 to 3^ w^ 

steering means includes means for directly detlect- 
ing the dfistai end of the electrode assembly 

5. The catheter of any of claims t to 4 wherein the 
40 electrode assembly includes a resilient electrode 

body which naturally assumes a coiled, conical 
shape when in tie deployed position. 

6. The catheter of any of claims 1 to 5 wherein the 
45 electrode assembly includes a plurality of resilient 

arms, said arms being axially extending, radially 
outwardly curved arms when the distal end is 
unconstrained, said arms carrying said electrodes, 
said arms having free . outer ends. 

so 

7. An electrode array catheter, tor insertion into a 
heart chamber for placement of multiple electrodes 
against the heart chamber wall in the vicinity of a 
target site, comprising: 

55 

an electrode assembly (2) including: 

a distal end having plurality of resilient, highly 

flexible arms (11SJ> said arms being radiaDy 
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outwardly curved arms when the distal end is 
unconstrained; char acterized by 
a plurality of electrodes (132,134.136) distrib- 
uted on said arms (118) so that the electrodes 
naturally assume a three-dimensional array 5 
when said distal end & unconstrained, said 
electrodes (132,1 34,1 36) being distributed to 
be able to contact a limited porton of the Gham- 
ber wa3i surrounding the target site 

10 

8. The catheter of claim 7 wherein said arms have 
outer ends unsecured to other structure. 

9. The catheter of claim 7 or 8 wherein the electrode 
assembly includes a central electrode . js 

10. The catheter of claim 9 wherein the central elec- 
trode is an ablation electrode. 

11. The catheter of any of claims 1 to 10 further com- so 
prising a flexile delivery sheath having a hollow 
interior, a proximal end and a distal end, the elec- 
trode assembly %\ idably mounted within tie hollow 
interior of the delivery sheath for movement 
between a retracted position, at least substantially 25 
housed within the hollow interior, and a deployed 
position, extending from the distal end of the deliv- 
ery sheath, 

12. The catheter of any of claims 1 to 11 wherein the w 
ele<^CKle assembly includes ah ablation electrode. 

13. The catheter of claim 12 wherein the ablation elec- 
trode includes a temperature sensing means, 

35 

1 4. The catheter of any of claims 11 to 1 Z further com- 
prising means lor steering the distal end of the elec- 
trode assembly wtthin the heart chamber. 

15* The catheter oi claim 14 wherein the steering 40 
means includes means for deflecting the distal ertd 
of the delivery sheath. 

16- The catheter of claim 14 wherein the steering 
means includes means tor rotating at least the dis- 45 
tai end of the electrode assembly within the delivery 
sheath 
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{54} ELECTRODE ARRAY CATHETER 

(57) An electrode array catheter, typically used for 
mapping, pacing and ablation, inducles an electrode 
assembly 2, 62 which may be slidabry counted within a 
delivery sheath for movement between retracted and 
deployed positions. The electrode assembly includes an 
ablation electrode 10, 90 and a plurality of mapping 
electrodes 26, 114 which are grouped in pairs and nat- 
urally assume a three^dimensionai array when 
deployed. The electrodes are distributed to contact a 
portion of the chamber waH 130 sunounding the target 



site. The electrode assembly tip has a coiled conical 
shape 24 in one embodiment and has a number of axi- 
aily extending, radially outwardly curved arms 118 in 
anoiher emtM^irnent. A flat ftexibte drcuft 110, having 
axiaily extending electrode traces 1 12 connecting prox- 
imal terminals ids to distal electrode pads 1 14, is slit 
11$ axially and is performed and to create the curved 
arms. 
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